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FOREWORD
 
This report was prepared by the Life Sciences Division of Technology Incorporated 
for the Manned Spacecraft Center of the National Aeronautics and Space Adminis­
tiation under Contract NAS 9-11085, and covers the period 28 May 1970 to 
Z8 May 1971. Dr. W. H Shumate and Dr. R. Fitch were the Contract Monitors, 
and Dr. Brian Ward was the Principal Investigato:. 
Acknowledgernent is made of the assistance provided by the Contract Monitors 
throughout the period of the study 
The research effort involved five distinct phases, each of whichfwas performed 
and reported as a separate unit. This Final Report will continue this approach 
by summarizing the entire program. 
INTRODUCTION
 
The work described in ths report refers to tasks which have been performed 
during the period 1 June 1970 to 31 ihiay 1971 undei the terms of Contract 
NAS 9- 11085. 
Research on physical and physiological aspects of visual optics in spaceflight 
has involved five ., task areas, which may be conveniently grouped under the, 
followng headings. 
1. 	 Retinal temperatuie calculations for the specification 
of adequate eye protection at the lunar surface ' 
2. 	 A survey of hazardous visual perceptions in spaceflight 
3. 	 Measurement of the optical properties of new and used 
visual transparencies 
4. 	 Analysis of visual problems in spaceflight 
5. 	 Direct support to the neurophysiology laboratory, NASA, 
MSG, Houston 
The text of his report is similarly subdivided. 
ii 
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1. 	 RETINAL TEMPERATURE CALCULATIONS FOR THE SPECIFICATION OF 
ADEQUATE EYE PROTECTION AT THE LUNAR SURFACE 
1. 1 	 Introduction 
The infLared region of the spectrum is generally considered to extend from 
approximately 700 nm to some 100p It is chiefly known for the heating 
effects produced when radiation in this wavelength band is absorbed by the 
body. 
The eye 	is heated in common with other suifaces of the body. The retina 
of the 	eye however, is particularly vulnerable to the heating effects of both 
the visible and the infrared spectral regions,-because radiation in the 
wavelength bands below 1400 in is focused upon a retina which is backed 
by the 	highly light absorbing, retinal pigment epithelium. Above 1400 
nm, the 	ocular media are virtually opaque and the choiioretinal structure 
is protected. 
Man is 	 ordinarily protected from solar retinal burns by his aversion to 
intense lights, by blinks, pupil contractions, and the attenuation of 
radiation by the atmosphere. Yet on the moon, without an atmosphere, 
heating 	due to the increased irradiation is much greater, For this reason, 
the astronaut requires optical protection in both the visible and the infrared 
regions of the spectrum It is desirable that this piotection should be 
providedwhile pioviding for optimum visual performance. 
1. 2 The Model Described 
A mathematical model ( 1 ) constructed under a pievious contract has been 
modified and employed to calculate the retinal temperatuie increase caused 
by direct observation of the solar disc by an unprotected astronaut situated 
on the lunar surface. Such calculations, based upon considerable 
experimental data, allow the calculation of the minimum attenuation of the 
solar radiation required for safe exposure on the lunar surface Data on the 
( 2 )radiant output of the sun is used, and the worst-case condition is 
considered in which the astronaut directly observes the sun for 100 seconds. 
The pupil of the astronaut's eye in this calculation was assumed to be 3 
millimeters in diameter, an appropriate size for a terrestrial observation 
of the sun. The resulting temperature rise is shown in Figure 1. 
The total irradiance from the sun, called the solar constant, is approximately 
2. 0 calories per square centimeter per minute. Infrared radiation 
contributes about half of the solar constant, 0. 98 calories per square 
centimeter per minite. Pre-retinal ocular media absorb much of the near 
infrared and practically all of the radiation of wavelengths greatei than 
1400 nanometers. As a result, only about 27 percent of the retinal 
temperature rise is caused by infrared radiation Table I- shows the 
temperature rise associated with each of fourteen wavelength bands used 
in the calculation. 
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Wavelength Band (nm) -Temperature Rise ( C) 
355- 381 0. 0090108 ULTRAVIOLET 
381- 413 0.043509
 
413- 451 0 3099
 
451- 496 0.6808
 
VISIBLE 
496- 545 0.7382
 
545- 591 0.6321
 
591- 636 0.5821
 
636- 689 0.4486
 
689- 751 0.4949
 
751- 827 0.3565
 
827- 918 0.2519 INFRARED 
918-1033 0.096649
 
1033-1181 0.086086
 
1181-1377 0.013878
 
o (3) 
The temperature rise considered to be safely tolerable is 50, and from 
Figure 1 it is seen that retinal damage will not occur for a 3 mm pupil 
diametei. There are situations however, in which the sun may be imaged 
on the retina when the pupil size is larger than 3 millimeters, and the solid 
curves in Figure 2 show the temperature rise associated with the various 
pupil sizes of the human eye. Curve (C) is concerned with 
infrared and visible spectra reaching the ietna, (D) is concerned 
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with the visible spectrum alone. The coriesponding dashed curves (A) and 
(B) predict the degree of neutral density filtering required, over the visible 
and infrared spectra, for the safety criterion stipulated of a retinal 
tenperauure rise of 5°C or less, for pupil diameters of I to 8 millimeters. 
It is apparent from Figure 2 that filtering of sone kind is required in the 
astronaut's helmet and visor system in order to protect against retinal 
damage. Even in an accidental exposure, the retinal temperature rise 
attains over 80 percent of the 100 second value before the eye can blink. 
The design of protectlive filtering involves a decision about the spectral 
distribution of the filter transmittance. The simplest filter is a neutral 
filter in which the transmittance is the same at all wavelengths of 
importance. The transmittance of a neutral filter which would prevent 
° the temperature rise in the retina from exceeding 5 is given n Figure 2 
by the dashed curve, as a function of pupil diameter. 
Using Figure Z and Table I, a suitable filter may be designed for various 
situations or mission objectives. The total temperature rise and 
temperature rise in each wavelength band in the Table are directly 
proportional to the pupil area or the square of the pupil diameter. A 
possible filter would be one which filtered out most of the infrared radiation 
but was very transparent to the visible wavelength radiation The retinal 
temperature rise in this case is shown for various pupil diameters by the 
6
 
solid curve in Figure 2 labeled (D). A safe visible light neutial filter worn 
with a filter opaque to the infrared would be one with the transmittance shown 
by the dashed curve in Figure 2 labeled (B). It is seen that with the infrared 
filter and a ZO percen neutral fibrel, the astronaut would have adequate 
protection against retinal burn from the sun. Standard Air Force 
sunglasses, for example, provide adequate safety as they have a 15 percen 
transmissivity in the visible range and about 2 percent in the infrared 
out to at least 1400 nm 
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2 A SURVEY OF HAZARDOUS VISUAL PERCEPTIONS IN SPACE FLIGHT 
. 1 Introduction 
Three Apollo missions have successfully landed on the moon and returned 
to earth. To date, visual problems associated with lunar iD sions have 
not pievented the successful completion of these missions. Itis, however, 
possible and desirable to identify some potentially hazardous perceptual 
conditions which could affect performance on future lunar missions and in 
other space programs. This task is difficult because of the paucity of 
research on the type of perceptual 
The visual problems described in 
as conjectures and possibilities. 
it should be possible to determine 
tasks demanded in these situations 
this report must, therefore, be viewed 
Through a systematic research program 
which of the perceptual problems des­
cribed in this report are most likely to occur during lunar missions. A 
program of this nature would also permit the identification of additional 
areas of concern and would provide information about methods of 
reducing the dangers from such phenomena. 
Voyage in a space vehicle introduces conditions which may produce 
aberrant perceptions which could constitute a serious hazard during 
ciitical phases of operation. This section discusses these conditions 
and the illusions that - may arise from them. Some of the topics 
discussed below will perhaps not be applicable to the Apollo plogram, 
but may be pertinent to future space activities. 
8
 
22 Survey of Illusions 
2. 2 1 The Visual Effects of Restricted Perceptual Environments 
Duiing the space flight the astronauts are exposed to a visual 
environment which is restricted in a number of ways. This 
enviionment contains few, if any, of the cues to distance and 
depth normally associated with earth terrain. Such cues include 
texture density gradients, which are important for judgments of 
both distance and slant, linear perspective cues and gradients of 
light and shading, which produce the impression of depth and 
elevation. rurthermoie, there is a limited visual expanse within 
the cabin, and while space outside the cabin extends to optical 
infinity, there is no natural visual ground at any "middle­
distances" -- distances between perhaps 10 feet and one mile. 
The perception of objects at such distances is of primary importance 
foi the lunar landing operation and lunar surface explorations. 
The possibility arises that this restricted environment could cause 
inappropriate and confusing perceptual responses. 
Few studies have been directly concerned with the effect that ­
deprivation of a particular depth clue might have on tasks 
requiring later utilization of that clue. One experiment reported 
that deprivation of binocular vision by alternating monocular 
occlusion at 2 - 3 hour intervals for a 24-hour period resulted 
in a deterioration of depth perception. (5) There appear to be 
no analogous studies for the monocular clues to depth and distance. 
9 
Hence, the effect of a lack of opportunity to utilize certain depth 
cues, or to make perceptual responses to certain distances, is 
unknown. 
It is known chat various perceptual systems can be altered by 
introducing a systematic bias, in humans these systems appear 
to be quite labile ci plastic, (6) Since perceptual systems are 
capable of modification, it is plausible to hypothesize that they 
are also susceptible to degradation if they are not continuously 
recalibrated or re-tuned. If this is true, the lack of any oppor­
tumity to calibrate various systems during the space flight may 
have adverse consequences during the lunar landing. It is a 
reasonable hypothesis that any system capable of being changed 
requires frequent input to remain calibrated. 
If subjects make active movements while wearing wedge prisms 
in spectacles, they rapidly adapt to the visual displacement by 
altering the positional sense of a body part such as an arm, head, 
or eye. Essentially, the proprioceptive sense is recalibrated to 
align it with visual ego-centric localization of the part. (7,8) One 
of the first consequences of looking through lenses which reverse 
or inveit the visual field is that when tnh head or eyes move, 
the field of vievv docs not remain stable or stationary, as it 
would under ordinary conditions However, with time these 
perceived movements become less pronounced. Again, it is as if 
10
 
the systems signaling movement in the world become adjusted so 
that a change in the position of a retinal image, which formerly 
produced the sensation of object movement, no longei does so 
In a snnilar fashion, the absence of an opportunity during the 
duration of the space flight to calibrate movement of images of 
objects across the retina with dista-ce, for distances greater 
than 10 feet, may result in the degradation of the "motion 
parallax -- distance perception linkage. " 
Similarly, the relitionship between convergence and distance 
can be experimentally altered. It is also possible that this 
relationship may become degraded without an opportunity for 
calibration. Although convergence is not usually considered a 
major clue to depth, it is important for the accurate perception 
of the absolute depth associated with a given magnitude of 
stereopsis or binocular disparity. To determine the absolute 
distance between two objects, an observer must take into account 
both the disparity of the images of the objects on the retinas and 
the degree of convergence of the two eyes. 
The possibility that the perceptual systems responsible for 
distance ludgments may become decalibrated during the space 
flight has not yet been empirically validated. The hypothesis 
could be tested in a straightforward manner under simulated 
space flight conditions. If degradation were to occur, it might 
11
 
be possible to provide "exercise" devices to be used within the 
spacecraft to simulate distances between 10 feet and one mile 
and to produce a variety of depth clues associated with objects 
at such distances. It would be difficult I o make provision for the 
active movements necessary for recalibration and possibly 
necessary for the prevention of degxadation, revertheless, in 
a visually rich environment, several clues together might 
sufficiently reinforce or bolster each other, and reduce the 
tendency toward degradation. 
2. 2. 2 The Visual Effects of Alteration in Sleeping Patterns 
A continuing problem for the astronauts is the lack of adequate 
sleep, due to such factors as stress, excitement, noise, the 
novel environment, and cramped quarters. Lack of sleep may 
result in perceptual and cognitive malfunctioning The 
decrement in performance on vigilancc tasks with an increase 
in drowsiness has been documented, ( 9 ) such a decrement can be 
reduced by appropriate motivational increases. It has also been 
reported that sleep deprivation is frequently associated with the 
production of hallucinations (10) 
Another possible consequence of altering normal sleeping habits, 
and one which has only recently been hypothesized, is a deterioration 
of binocular depth perception. It has been suggested that one 
function of REM ( rapid eye movement) sleep is to provide a 
12 
mechanism for maintaining precise binoculai coordination so as 
to prevent a degradation of binocular vision immediately upon 
awakening. After a period of sleep deprivation, non-REM sleep 
takes precedence over REM sleep, so that an individual does not 
innervate his eye muscles during sleep while he is recuperating 
from the lack of sleep. If an astronaut were in a state of sleep 
depiivation so that almost all of his sleep were of the non-REM 
variety, and if he were required to perform a task demanding 
binocularly coordinated eye movements shortly after awakening, 
it is possible that his visual performance would be seriously 
impaired. This is an intriguing and potentially important area 
in which the necessary confirmatory research has yet to be 
performed. 
2. 2.3 The Visual Effects of Angular and Linear Accelerations 
Illusory visual and spatial perception may arise as a result of 
angular acceleiation (affecting the semicircular canals) or linear 
acceleration (affecting the otolith organs). A frequent outcome of 
angular acceleration is known as the oculogyral illusion. If a 
subject is seated in a rotating chair, viewing a target which 
rotates as he does, an acceleration to the left will cause the 
target to seem uo inove leitward, without appearing to be greatly 
displaced. The illusion may also occur when viewing a moving 
target in daikness, so that the effects of real and apparent 
13
 
motion may either sumrnmate or cancel each other. (12) 
A second effect of angular acceleration is the Corolis effect, 
occurring when a subject who is rotating in one plane tilts his 
head in a different plane. The results can be severe dizziness, 
nausea, and spatial disoiientation, as well as illusory target 
motion. 
A linear acceleration causes target displacement in a diiection 
consistent with the resultant gravitational force vector. This 
effect is known as the oculogravic illusion. If a pilot accelerates 
his plane during straight and level flight, the resultant G-vector 
is mistakenly interpreted as a cue to verticality, causing the pilot 
to feel that he is tilting backward. A fixed target would then 
appear to rise as the pilot appeared to tilt. 
A special case of the oculogravic illusion involves a change in 
the magnitude of the G-vector, but not in its direction. When the 
G-vector increases in magnitude, as when a high speed elevator 
ascends, a target fixed relative to the observer appears to rise. 
Conversely, during a decrease in G-force, a fixed target appears 
to descend. 
The illusions described above are not simply laboratoryphenomena, 
but do occur in high performance aircraft, and are considered a 
potentially serious hazard to flight safety To minimize 
14 
problems caused by the oculogyral and oculogravic illusions, a 
good visual frame of reference outside the vehicle should be 
(13)
maintained. Difficulties of this nature resulting fiom space­
craft maneuvers are not anticipated during lunar landings 
occurring in the daylight. However, during space flight, or, 
more likely, in extravehicular space acixuties where the astronaut 
may be in a position to see only black space and stars, false clues 
to motion might result from certain accelerations, and might 
produce inappropriate and dangerous corrective actions. 
2. 2. 4 The Visual Effects of Weightlessness 
While a variety of authors have suggested that certain visual 
(14) 
anomalies might occur in a weightless environment, no 
serious difficulties have been encountered in the U. S. space 
program. Although future experimentation may reveal subtle 
effects of a zero-G envionrnent, current evidence does not 
suggest this poses a serious threat to lunar missions. 
With respect to visual acuity, although slight decrements have 
been found during some zero-G flights in airplanes, these were 
(15) 
too small to be of practical significance. Furthermore, the 
testing of astronauts during Gemini flights 5 and 7 produced no 
evidence of any such degiadation (16) 
One illusion which has bten observed under certain conditions in 
15 
transient weightlessness experiments is the "inversion" illusion. (17) 
Upon entering the zero-G state, subjects sometimes report the 
feeling of suddenly being turned upside down. Similarly, i-f they 
were 'standing" on the ceilig of the plane during the parabolic 
maneuve:i, they might report the feeling that they were standing 
upright and that the plane was flying upside down. Although some 
Russian cosmonauts have experienced this illusion in space 
(18) 
flight, astronauts of the U. S. space program have not 
reported it. 
In general, the evidence to date indicates that the oculovestibular 
system does not react to weightlessness in a manner foreseeably 
hazardous to space travel or lunar landing operations. This is 
doubly true for experienced pilots trained to recognize and, where 
possible, avoid many situations where illusory perceptions may 
Occur. 
2. Z. 5 Autokinesis 
The autokinetic effect consists of the apparent random movement 
of a light viewed without an adequate visual frame of reference. 
If the interior of a spacecraft were dimly illuminated, objects 
viewed through the r'indows could occasionally appear to move 
in an erratic fashion. Such movement could also occur for dim 
signal lamps within the craft. This apparent movement is a 
compelling phenomenon, and is difficult to abolish While 
16 
thorough parametric research has not been conducted on the 
subject of minimizing tfe illusion, there is evidence that it is 
reduced when multiple lights are visible, and when a visual frame 
of refetence, such as the border or a window, is introduced into 
the field of view. (18) 
2. 2. 6 Perspective Reversals 
If the only clue to the nearer and farther sections of a space 
station is the retinal angle subtended by the two sections, a 
perceptual leversal of near and far is then possible When an 
object is seen in this reversed fashion, it appears to move 
laterally along with a laterally moving observer. As long as it 
remains reversed, corrective movements will be reversed. (A 
fore and aft runway reversal in darkness or fog has been suggested 
as the probable cause of some aircraft accidents in which the 
(19) 
pilot lands well short of the actual runway. Becaus e of this 
reversal of corrective 'movements, an astronaut would probably 
approach a perceptually reversed space station on an erratic 
course. Perspective reversals could also occur when viewing a 
girder-like structure, such as a partially constructed space 
station, against the blackness of space. (This can be demonstrated 
in the laboratory by viewing a luminescent wire model of a cube 
in an otherwise dark room.) This phenomenon is viewed as a 
serious potential problem in space activities, and one not easily 
17 
solved. (20) 
It is difficult to prevent the occurrence of this illusion, to do so it 
is probably necessary to introduce other clues to distance. For 
example, differencla illunniation of the near and far portions of 
the space station might reduce the frequency of the reversal 
effect. It mnay also be possible to train astronauts to recognize 
its occurrence and to avoid approaching the station when it is 
spatially reversed. If the shape of the object being viewed were 
well known, the illusion's existence should become apparent, 
since shapes become distorted as objects reverse This is a 
consequence of the mechansm of size constancy, by means of 
which the apparent size of a portion of the object is determined 
by its apparent distance from the obselver. 
2 2. 7 Reduced Size Constancy 
As we walk toward an object it remains approximately constant in 
perceived size. Such constancy of size will be reduced, however, 
when an object is approached in space. Research has shown 
that when an observer is wheeled at a constant velocity toward a 
luminous disc n an otherwise completely dark room, the dLsc 
(20) 
appears to expand in size. The increase in size with a decrease 
in distance is enhanced if the observer views the disc through a 
simulated window frame dimly lit by luminous paint. in this case, 
the observer apparently compares the retinal image size of the 
18 
disc with that of the window. As he approaches the disc, it 
expands relative to the window and is perceived as becoming larger. 
These viewing conditions are similar to spacecraft conditions in 
which the observer has no subjective impression of his own motion. 
Possible phenomenological experiences include the perception that 
the viewed object is increasing in size and/or the perception that 
it is moving toward the observer. Methods to reduce this 
illusion have been explored, one possible technique is to provide 
the observer with non-visual information about distance. (20) if 
one is trained to associate tones with distances -under normal 
illumination, the tones may help to maintain paitial size constancy 
in the reduced illumination conditions. Also, placing a fixed 
reference light next to the object being viewed has been found to 
(19) 
aid the viewer considerably in maintaining constancy. ( It may 
be necessary to introduce such techniques for visually guided 
space rendezvous. 
2. 2. 8 Brightness Difference ilusions 
Another perceptual anomaly which might aiise in space involves 
the problem of estimating the relative distances of two objects 
differing in brightness. Normally, the brightness of a surface is 
not a cue to its distance from the observer, since although the 
intensity of a point of light diminishes with distance via the 
inverse square law, the luminance of a surface does not. This is 
19 
because as a surface iecedes, its theoretical "points" become 
more densely packed, so that the total amount of light per unit 
solid angle at the eye remains constant. Paradoxically, however, 
when nvo luminous objects are viewed against a black baclcgiound, 
the brighter object does, in fact, appear to be closer. (1) it is 
not dificult to conceive of situations (such as when astronauts are 
freely moving in qpace, or possibly are engaged in a rendezvousing 
maneuver) where the blackness of space could give rise to this 
illusion. This phenomenon has not been extensively investigated, 
so it is not clear whether training piocedures can reduce its effects. 
Furthermore, it is possible that a dark background is not a 
necessary condition for its occurrence, and that it may arise in 
other situations wheie there is a reduced number of normal 
distance cues (e g. , in orbit with the earth or moon as a 
background, or possibly on the lunar surface itself). 
Z. 3 Potentially Hazardous Illusions in Lunar Landing 
The descent to the surface of the moon may be the most critical and 
potentially dangerous portion of the lunar mission. Since, in the Apollo 
program, this descent is visually guided, any impairment n perceptual 
functioning could have severe consequences. Even if the perceptual 
systems of the astronauts are in normal condition after +he flight from 
earth, the lack of sufficient visual information regarding features of the 
lunar surface and the presence of conditions producing visual illusions 
during the descent and landing may result in non-veridical perceptions. 
20 
Perceptual tasks essential to the mission include-the recognition of the 
pre-designated landing site, the choice of a safe area in which to land, 
the determination of altitude above the lunar surface, and the alignment 
of the lunar module with the selected touchdown point during the final 
descent to the suiface. 
2. 3. 1 Recognition of Landing Site 
The effects of set or expectancy are known to play a significant role 
in visual perception. The fact that people are prone to see what 
they anticipate seeing, or what they hope to see, sometimes 
produces embarrassing, or even catastrophic, iesults. For 
example, there are occasions each year when experienced pilots 
(22) 
unknowingly land their aircraft at the wrong airport. In the 
lunar landing situation, a slight course deviation of which the 
pilot was unaware could cause him to misperceive lunar features 
and, possibly, to commit imself to landing at a site more 
dangerous than the one originally chosen. 
This problem can be minimized, first, by thorough training 
with accurate simulations and photographs of the selected landing 
area. With regard to tis point, the Apollo 12 astronauts 
commented that their training photographs were inadequate for 
visual orientation innediately after pitchover, in terms of 
(23) 
detail and field of view Second, training should emphasize 
not only the distinctive features of particular landmarks, but 
21 
also the spatial relationships between several of these landmarks. 
(For example, Apollo 12 astronauts looked for a cluster of 
craters which resembled a "snowman". ) Finally, with two persons 
searching independently for critical features, the probability of 
misperception due to set should be reduced. 
2. 3. 2 Selection of a Safe Landing Area 
Perceptual problems associated with the selection of a safe area 
are more likely to occur during future missions scheduled for 
areas more rugged than those in which landings have already 
occurred. When the astronaut attempts to select a landing area 
visually, certain features of the lunar surface may cause him to 
make a poor choice The shadows cast by mountains iluminated 
at low sun angles would obliterate most surface details. These 
details would not be illuminated by the scattering of light from 
atmospheric palticles as occurs on earth. Mounds, craters, 
and boulders may be hidden by such lunar shadows. No attempt 
should be made to land in or near such a shaded area without 
adequate illumnmation from the spacecraft itself, or the provision 
of masking of brightly illuminated features so that the eye 
could see shaded detail receinng indirect lighting. 
The slope or slant of the lunar surface cannot always be 
determined accurately from the perceptual input available during 
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the final descent. There are, on the surface of the earth, certain 
features which dre known to have a constant orientation with 
respect to gravitational forces and which contribute to the 
determination of slant. These earthfeatuies i~clade horLzontal 
bodies of water and vertical trees and buildings. In addition, 
roads and rectangular fields provide information about surface 
slant via the perceptual clue of linear perspective. This 
information is not available on the lunar surface. In the 
absence of these or other clues, two general assumptions are 
likely to enter into the assessment of surface slant. First, a 
large and apparently smooth area, in the absence of contradictory 
cues, will, be assumed to be flat. And, second, mountains and 
crater walls will be assumed to be regular or symmetrical. A 
problem might arise if an area were bounded on two sides by 
mountains which rose at different angles to the true horizontal, 
for the assumption that they were actually synmetrical would be 
likely to cause a misjudgment of the slant of the area which they 
bounded. 
Accurate perception of slant will be aided at lower altitudes by 
the gradients of texture density. The texture of a surface becomes 
finer as that surface recedes in the distanie. The rate, or 
gradient, of this texture change can provide information about 
slope. People can perceive slant when presented with pictures 
of surfaces composed of elements such as small rocks. However, 
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they tend to underestimate the actual slant by approximately 
(24)50% 4 . Furthermore, the height at which this cue becomes 
effective depends on particle size. Virtually no information could 
be obtained from texture density when flying over an area composed 
mainly of dust particles. The absence of this cue is a serious 
problem, not only for perception of slant but also for judgment 
of height, and has often caused difficulties for pilots flying over 
fresh snow or a glassy-smooth lake. 
In additiov, it should be mentioned that judgments of surface slant 
based on the distribution of texture elements involves the 
assumption that the elements are the same size. Thus, a 
particulai gradient produced by a surface composed of uniform 
elements slanting away from the observer could also represent 
a level surface with smaller objects at a greater distance from the 
observer. A visual array with such characteristics could be 
produced, for example, by rocks being scattered about a 
crater by eruption or meteoric impact. 
The lunar surface should be carefully examined for the presence 
of conditions likely to produce such terrain illusions. It would 
probably be difficult to tram an astronaut to overcome these 
illusions because the assumptions producing them are adaptive 
for the peicephion of slant in most situations. They become 
maladaptive in the presence of unusual or atypical surface 
characteristics. 
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Further problems associated with the selection of the landing site 
are the astronauts' lack of knowledge of the exact sizes of specific 
objects on the lunar surface and the fa!ilure of size constancy 
mechanisms to operate above vertical distances of any appreciable 
extent. An area a mile away might appear smooth because it 
was relatively smoother than adjacent areas, yet still be too 
rough for a safe landing. Practice in judging the size of vertically 
viewed objects from the length of their shadows should reduce the 
likelihood of committing the spacecraft to land in an unfavorable 
area. 
2.3. 3 The Perception of Altitude 
The judgment of vertical distance is a difficult perceptual task. 
The primary distance clue available to the astronauts in the lunar 
module is the differential rate of expansion of elements on the 
lunar surface as the craft approaches the surface. The rate of 
expansion increases as distance to the surface decreases. There 
is apparently no research on the adequacy of this clue for 
mediating veridical judgments of absolute distance. Texture 
density itself is a cue to height only if the size of the surface 
elements is well known. Other available clues to distance are 
convergence (probaboly limited to distances closer than 60 ft. 
and motion parallax produced by the observer's head and eye 
movements. These cues are presumed to be relatively ineffective 
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for vertical distance judgmtents. 
Fortunately, cognitive input in the form of altimeter readings is 
available to compensate for the lack of adequate perceptual 
information. Were the perceptual and cognitive information to 
confl ct, it is possible that the perceptual input would take 
precedence, aluhough experienced pilots are trained to avoid 
this error. 
The surface of the moon may be hidden by a dust cloud during the 
final moments of the descent. This was a particular problem 
during the landing of Apollo 12, when vision of the ground was 
totally obscured for the last 50 feet. (23) This lack of visibility 
forces reliance on instruments at a time when visual input might 
provide adequate and usable information about depth. 
2. 3.4 Alignment with Touchdown Point 
]During the final momeyts prior to landing a sensation of 
drifting could occur due to the illusion of induced motion This 
illusion (analogous to the sensation of motion induced by the 
movement of an automobile beside one's own stationary vehicle) 
could be caused by the drifting of the dust cloud which is 
generated by the descent rocket, and the change in the position 
of the shadow of the lunar module's legs on this cloud. The 
pilot's view of the dust cloud, which is moving away from him, 
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could induce the illusory perception of backwards motion. The 
sensation of drifting to one side could be induced by the appearance 
of the shadow of the lunar module's legs on this dust cloud. If 
the sun were slightly to the pilot's left, the shadow would be 
displaced to the left ielative to his viewing window as the craft 
approached the surface. (In the absence of the dust cloud, the 
shadow would appear to mnove with respect to feztures on the 
surface and therefore be less likely to induce motion ) If 
both backwards and rightwards motion were induced, compensation 
would result in a 'hook' forward and to the left just prior to 
touchdown. 
Induced motion is a compelling perceptual phenomenon. It is 
possible that simulation training would reduce the tendency to 
make a compensatory response, although it is unlikely that the 
illusion itself could be reduced. This illusion occurs because a 
viewer is moving in most situations when he and the background 
alter their relative positions, thus, attributing motion to oneself 
is usually the correct decision. 
Z. 	 4 Potentially Hazardous Visual Illusions in Lunar Surface Exploration 
Illusions occurring once the astronauts are on the surface of the moon are 
likely to involve the misperception of distance (and therefore size), depth, 
and terrain slant. These misperceptions are unlikely to introduce hazards 
duiing limited excui sions on relatively flat terrain. They may cause more 
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serious problems -when vehicular exploration is undertaken. Perceptual 
performance may also be impaired by factors associated with the lack of 
atmospheric scattering of sunlight. These factors include the difficulty 
of coping with the wide range of luminances that will occur between 
illuminated and shaded portions of the lunar surface, and the presence of 
glare from reflecting surfaces and the sun itself. 
Z. 4. 1 Distance and Depth Perception 
It is probable that far distances will not be accurately perceived 
by lunar explorers. The absence of aerial perspective, present 
on earth due to atmospheric haze, will result in an underestimation 
of distance, distant features will appear closer than they are. 
However, a feature located on or near the horizon may be 
judged to be farther than its actual distance. This would occur if 
the shorter distance to the moon horizon was assumed to be equal 
to the distance to the earth horizon. These factors may partially 
cancel each other, however, the general tendency, confirmed in 
the Apollo 11, 12 and 14 explorations, will be one of distance 
25, 25a)underestimation. (Z3, 
The effectiveness of other distance clues may be reduced on the 
lunar surfaca. The use of texture density gradients as a clue to 
absolute distance requires knowledge of element size. Such 
knowledge may require more familiarity and experience than 
would be provided by an inspection of a small segment of the lunar 
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surface The effectiveness of this clue would probably be further 
reduced by the presence of rocks of all sizes on the lunar surface, 
the elements are more irregular than those on the surface of the 
earth due to the absence of weathering. Another factor weakemng 
the effectiveness of this clue is the low contrast on the lunar 
surface at higher sun angles, which may make the perception of 
element size more difficult 
Illusions of distance result in the misperception of size a mound 
inferred to be closer than it actually is will therefore be judged 
smaller than it actually is. Although distance and size may be 
perceived in an illusory fashion, such misperceptions will probably 
not be hazardous in most situations. If accurate distance judgments 
were required, a rangefinder could be utilized for this purpose. 
It should be noted that knowledge obtained in this fashion is unlikely 
to result in veridical size perception. Size constancy is set by 
not by known distance. (6)registered distance, 
Judgments of crater depth may be impossible to make when the 
sun is low in the horizon. Since the inside of the crater will be 
in shadow and, except where significant amounts of reflected light 
enter it, its details will not be visible to the outside observer. 
The depth of the crater might then be estimated from its diameter, 
and if an incorrect judgment were made, an astronaut's decision 
to step or drive into a crater, believed to be shallow, could 
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result in serious consequences. Headlights or portable lights 
may be necessary under certain circumstances. 
In conclusion, the lunar lighting conditions, the lack of atmospheric 
light scattering, the absence of haze, the general unfamiliarity 
of the terrain oa the lack of objects with familiar shapes at 
known distances, will contribute to uncertainty and to systematic 
errors in the perception of distance, size, and depth on the lunar 
surface. It is impossible at present to estimate accurately the 
extent of such a perceptual degradation A large scale lunar 
surface with appropriate lighting would provide invaluable 
information about these problems. 
2.4. 2 Judgment of Terrain Slant 
Terrain slant is usually judged by a ground observer from a 
combination of vestibular clues caused by gravitational pull and 
visual clues such as the assumed verticality of buildings and 
natural objects such as trees. These clues are minimal or 
absent on the surface of the moon. A large flat area may tend 
to be judged as level, regardless of its actual slant. The difference 
in effort required to traverse a slope as opposed to a level surface 
may not be noticed because of the reduced gravity. Lighting 
conditions will also affect perception of slant, as happened during 
Apollo 12 where a slope that appeared to be tilted 350 when it was 
in shadow seemed to be only 100 - 150 (closei to the actual value) 
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when directly illuminated by the sun. (23) It may be desirable to 
equip surface exploration vehicles with a level to indicate the 
vehicle's slant, and to incorporate self-leveling devices on 
equipment which must be positioned vertically. 
2.4. 3 Visibility under Lunar Lighting Conditions 
The wide range of luminances encountered by the astronaut on the 
moon can impair visual performance since the dark and light 
adaptation processes are not instantaneous. If an astronaut 
switches from a task requiring him to look at a highly illuminated 
area on the surface of the moon to a task requiring him to look in 
a shadow or to-wards the black sky, he may require several minutes 
to dark adapt sufficiently to perceive small details. A switch 
from a dark area to a light area will be accompanied by dazzle 
and an inability to see adequately for some 5 seconds to 2 minutes. 
The visibility of an object in a dark area which adjoins a bright 
area will be further diminished due to a border contrast effect 
resulting from lateral interactive effects within the visual system (26) 
Another possible major problem is that of temporary flashblindness 
due to an accidental visual encounter with a highly reflecting 
surface such as a portion of the lunar module or an excursion 
vehicle, or with the sun itself. Due again to the lack of atmos­
pheric scatter, and to the small number of vertical objects in the 
field of view, the astronaut may not always be aware of the sun's 
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exact position in the sky. There may theiefore be a danger of his 
inadvertently looking into the sun, with severe visual impairment 
lasting for peLhaps a minute or more. 
In general, the effects of continuously viewing a highly contrasted 
field are not known and should be studied. Reports from the short 
lunar excursions to date indicate that the most serious visibility 
problems involved the necessity of using one hand to shield the 
eyes i order to reduce glare when looking up-sun, a slight 
problem in scanning the bright zone at the zero-phase point down­
sun, and the need to dark adapt a short while when entering a shadow. 
Z. 5 Conclusions 
This section of the report has reviewed present-day knowledge cbncerning 
visual illusions pertinent to lunar missions and to spaceflight in general. 
It has also pointed to areas where further research is desirable. The 
approach has been designed to identify possible hazards, some of which 
may be found to be of little consequence in the foreseeable future. However, 
it is also true that some of the problem areas discussed may prove to be 
serious enough to merit detailed investigation. 
It should also be stated that illusion problems should not be disregarded 
on the strength of their non-occurrence to date in the space program. 
Future missions will become more difficult and demanding for the human 
observer, for example, when different areas of the moon are chosen as 
landing targets, when maneuvering in space must be done without the 
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extensive comnputel aid available to date, and when longer missions 
introduce more severe conditions of fatigue. In the decades to come, it 
seemrs highly probable that error in the human visual system will produce 
hazardous consequences, or will cause a hazardous situation to become 
more so, and the better understanding of such problems is the only basis 
for their prevention. 
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3. MEASUREMENT OF THE OPTICAL PROPERTIES 
Or NEW 	AND USED VISUAL'TRANSPARENCIES 
3. 	 1 Helmet/Visor Transparency Wear and Tear 
Under Contract NAS 9-6865, an experimental program of research was con­
ducted, designed to determine the feasibility of setting special optical specifi­
cations for helmets and visors, appropriate to the manufacturing techniques 
currently employed. (27) It was shown that the accepted optical quality tests 
for ophthalmic lenses are appropriate for the ground glass product of precision 
grinding and polishing, but not for the moulded plastics transparencies 
currently in use in the space program. In considering the optical quality 
of helmets and visors, it is apparent that the following basic considerations 
underlie the choice of specifications: 
(1) 	 The specifications should be realistically attainable by the
 
production techniques available.
 
(2) 	 The specifications should relate to human visual performance. 
(3) 	 The specifications should contain provision for wear-and-tear 
factors so that a service life of the transparency may be established 
which ensures that optical quality degradation does not cause 
unacceptable effects upon the wearer's visual performance. 
On the basis of the findings of our previous study, we recommend that 
future specifications be set to include the better 50% of transparencies 
currently in use. As stated in the earlier study-renort, overall optical quality 
may be assessed by the means of sarmple modulation transfer curves taken 
at various points on the transparency. The means and standard deviations of 
these values at selected spatial frequencies (20, 60 and 100 lines per milli­
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meter) were shown to be useful objectiLve measuremnents, agreeing with 
asses sments of quality made from the visual performance attained by highly 
trained subjects through the same areas of the transparencies. 
In using optical measuring instruments and bpucially designed clamps in the 
testing of the plastics transparencies, it readily became apparent that the 
ophthalmi6. portions are liable to suffer signiticant quality degradation in use. 
The mechanical scratching of the surfaces from contact with relatively hard 
objects of equipment, or even a dust-covered glove, make it necessary to 
develop hard protective coatLngs for operational use 
The use of modulation transfer function testing, vertex focometer testing, 
projection testing, hazemetering and scratchmetering were selected as 
being the best measures of optical performance decrement from surface 
damage. These tests were applied to a group of transparencies. It is 
unfortunate that helmet/visor systems used in flight or in flight training could 
not be made available for such a thorough optical evaluation. 
It was determined, however, that of these tests, only modulation transfer 
function (MTF) measurement and macro and microscopic scratchmetering 
were of adequate sensitivity. 
Photographic scratchinetering was performed as follows: A high intensity 
projection lamp was masked by a curved slit corresponding to the radius 
of curvature of the edge of a sample Apollo vLsor. With a visor m the 
proper position, the projection lamp trans-illuminated the central portion 
of the transparency surface. Scratching of the surface of the visor became 
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dramatically appaient when so illuminated. Figures 3 and 4 show two 
sample visors, one lightly scratched and the other heavily scratched, 
respectively. All of the scratches had resulted from normal handling of 
these transparencies. Similar photographic techniques were used on two 
sample helmets as well. Figure 5 is a used training helmet while Figure 6 
is of a new, non-used, helmet. 
Photometiic measures of surface reflections were made at four sites on a 
sample visor before and after scratching the sample sites With an 0-grade 
steel wool pad or an 8" bastard file. The four areas' average Jight diffusion, 
measured with a Pritchard Spectrophotometer, was 0. 24 foot lamberts before 
scratching. The diffusely reflected light values for the four sample sites 
after scratching were. 
Area #i Area #2 Area #3 Area #4 
L Steel Wool Pad 8" Bastard File 
Light Scratching Heavy Scratching Light Scratching Heavy Scratching 
0.7fL 0.8 fL 2.4 fL 2.8fL 
Figures 7 through 11 show an MTF instrument calibration curve and 
sample MTF curves of the four sample sites mentioned above. MTF 
curves before and after scratching are indicated in the graphs by solid 
or dashed lines, respectively. From these graphs the degradation in 
image quality as a result of various degrees of scratching canbe seen 
readily. 
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Heavily mcratched sample Apollo visor. 
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Figure 6. N~n-used~ new sample Apollo helmet. 
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It is apparent that current helmet-visor systems are liable to significant 
optical degradation from scratching. From experience m attempting to 
measure the visual factors related to helmet and visor transparency, it is 
apparent that special techniques are required in order to assess surface 
scratching It is felt that a technique of transillumination similar to the 
one described above is a useful approach to surface scratch evaluation. 
Minor 	scratching, which might be totally unnoticeable in diffuse illumination, 
would 	produce a veiling light m strongly directional lighting of the type 
common in space. The superimposition of illuminated scratches can have 
significant obscuring and desensitizing effects in a relatively dark adapted 
eye viewing a low contrast visual field. Scratches and local unevennesses 
in the 	visor's gold coats will cause more infrared and visible light to be 
passed, and illuminated scratches - will be seen out-of-focus and super­
imposed upon the visual field. 
3.2 	 Infrared Absorption of Helmets and Visors 
Infrared absorption measurements have been made on various helmets and 
visors, without the final metallic coating. The results were obtained using 
a combination of a tungsten light source, a collimating lens, the 
transparency to be measured, a focussing lens, an infrared-grating 
monochrometer, a Barnes thermopile and a Keithley electrometer. 
The results of certain selected measurements are presented in Figures 
12-13. These results are representative of similar measurements made 
on components supplied by the contract monitor. 
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Figure 13. IR transmission of a non-tinted visor
 
In desigming safe filtering for the protection of the astronaut, ultraviolet 
absorption is satisfactorily accomplished by the thickness of material 
used 	mn the transparencies. Additional absorption in the visible and 
infrared portions of the spectrum, however, is provided by means of 
neutral density filteiing tontributed by a reflective gold coat on the visor. 
The results of this study indicate the expected requirement for filtering :o 
the infrared portion of the spectrum, in addition to that provided by the 
material of the transparencies themselves. However, the current use of 
a gold coating causes severe reflection problems, and it would therefore 
be desirable for the density of this coating to be reduced, without creating 
a hazard of chorioretinal burns from solar radiation. This may be done, 
taking into account the results of the study performed by Technology 
Incorporated and presented in Section I of tis report, by introducing 
forms of radiation absorption. 
3.3 	 Ultraviolet Absorption Measurements n Transparency Materials 
The ultraviolet densitometer constructed under Contract NAS 9-6865 
has been employed to make optical density measurements on various 
optical tiansparencies, in response to the requirements of the Neuro­
physiology Laboratory, NASA, MSC. The spectral range covered is 
6Z40 to 	320 nrn. Transmittances of the order of 10 - have been measured 
with satisfactory repeatability. The ultraviolet densitometer will be 
found to be fully described in an earlier report. (28) 
Components and complete systems subjected to analysis in this way during 
49
 
the course of the reporting period were­
(1) 	 spectacle crown lenses 
(Z) 	 astronaut helmets 
(3) 	 astronaut visors 
(4) 	 astronaut wrap-around goggles 
(5) 	 spacecraft windows, heat shields and samples of proposed 
temporary coatings for quartz components, and 
(6) 	 Lexan samples 
The quartz spacecraft window was divided into four segments using tape and
 
labeled 1 through 4, respectively, as shown in Figure 14. A detector
 
reading was recorded for each as it was placed in the measuring beam.
 
The transmittance was computed and recorded for each tested area.
 
Areas 2, 3, and 4 were then coated as indicated on the chart and trais­
mittance was again recorded. The data as recorded on the chart indicates
 
the results.
 
A piece of ordiuary household wrapping material (Handi-wrap) was
 
tested in the same manner and the results were recorded.
 
A pair of flight certified eyeglasses were tested and the transmittance
 
determined to be less than 10 - 4 . Due to a failure in one optical chopper
 
we were unable to operate the device in the dual beam mode, and therefore
 
the test range was limited to 10 4 units of optical density.
 
Calibration of the equipment was confirmed before and aftei the tests by
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Quartz spacecraft window coated with U-V absorbing films for testing on tT.V (Iensitotleter.
 
placing known ND filters in the beam and comparing measured transmittance 
/ 
to manufacturer's specification. Accuracy was better than 10% for all 
wavelengths tested. 
Each light path of the double beam densitometer is equipped with electionic 
light choppers of the tuning-fork variety. With use, these components 
have been found to reduce their chopping gaps to an extent which interferes 
with the passage of focussed beams. During the course of the year, these 
components have been removed for examination (by the manufacturer) and 
repair. 
The following pages contain sample results of ultraviolet and visible 
spectrum transmission curves which have been supplied to NASA, MSC 
on a fast-response bases (Figures 15-18, Table 1). 
3.4 	 Modulation Transfer Function Determinations 
During the course of Contract NAS 9-6865, the Life Sciences developed the 
application of the modulation transfer function (MTF) to the assessment 
of the visual and optical properties of ophthalmic transparences. 
During the reporting period, a series of suchmeasurements has been made 
on ophthalmic components, at the request of the Contract Monitor 
The results of these measurements have been supplied to the Contract 
Monitor, and selected examples of these findings have been presented in 
earlier progress reports. 
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TABLE II 
SPACE WINDOW 
Area I - UNCOATED 
Area 2 - Coated with Pad Lubricant 
Area 3 - Coated with ST-51F 324-01 
Area 4 - Coated with ST-53F-382-01 
All Areas Uncoated 
Area I T
1 f x 
3 
-
ZZOOA 9.4x50x10- 8.OxSOxl0 .85
 
o 
-332500A 9.2x50x10 3 8.4x5OxlO .91 
o 
-33 
-
2700A I0.8x50xl0 3 9.8x5OxlO .91
 
-
Z8002 i.0x50xl0 3 10.0x50x10- 3 .91
 
- 3 3
3100,R ll.2x5Oxl0 10.6x50x10- .95
 
Area Z 
2200.R 9.4x50xl10- 3 8.5x50xl0 - 3 
 .90
 
3 - 3
2500,R 9.2x5OxlC 8.3x50xl10 .90
 
-
2700 10.8x5OxlO 3 lO.Ox5OxlO .93
 
2800R 11.0x50x10- 3 9.8x50xlO - 3 .89
 
3100R ii.2x50x10- 3 10.6x50xlO0 3 .95
 
Area 3 
- 3 
- 3
22O00 9.4x5OxlO 8.6x5OxlO .91
 
250C0R 9.Zx5OxlO 3 8.3x5OxlO "3  .90
 
- 3
2700R i0.8x50x1 - 3 lO.2x5OxlO .94
 
- 3 
- 3
2800% 11.0x50x10 9.5x5OxlO .86
 
- 3 
- 3
3100% 11.2x50x10 l0.7x50x10 .96
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SPACE WINDOW (continued) 
T  
Area 4 
32200. 9.4x50x10- 8.3x50x10- 3 
.88 
3 3
2500X 9.2x50x10- 8.2x50x1O-
.89
 
27009 3
10. 8x50x10- 3 10.0x50xl0­
.93
 
2800 11.0x50x10- 3 9.6x50x10- 3 

.87
 
- 3 
­3100R ll.zx50xl0 10.6x50xl0 3 
.95
 
Area 2
 
- 3
2200 10.4x5Oxl 4.4x50x10- 3 

.42 
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-

.47
 
2800X 14.2xS0x10-3 8.0x50x10- 3 

.56
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.53
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- 3 3
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.67
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-

.71
 
2800. 14.2x50x10- 3 l0.7x50x10 - 3 

.75
 
3100R 11.8x50x10- 3 8.0x50x10- 3 

.68
 
Area 4 
32200R 10.4x50x10- l.gx5OxlO - 3 
.18
 
25002 11.5x50x10- 3 2.9x50x10 - 3 

.25
 
2700 10.lx50xlO 3 2.4x50x10- 3 

.24
 
2800,R 14.2x50xl0 3 4.Ox5Oxl - 3 

.28
 
3100 11.8x50x10- 3 2.7x50x10- 3 
 .23
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SPACE WINDOW (continued) 
HANDI-WRAP 
i f T 
x
33 

-

-
ZOOR 10.3x50xl0 4.9x5OxlO .48
 
- 3 3
2500R 14 4x50x10 9.4x50x10- .65
 
-
2700n ll.ix50xl0 3 6.7x5OxlO .60
 
2l800.2 1.x50xlO-3 6.9x50I0-3 .62
 
3 "3
3100R i0.91x50x10 '7.'5x50x0 .69
 
=T =f f instrument + sample
x i
 
i = instrument alone 
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SPECTACLE CROWN GLASS SAMPLE 4* 775509
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Figure 15. UVT~transmission of specific crown glass
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Figure 16. Visible and UV transmission of right tens (center) of 
clear wraparound astronaut goggles 
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Figure 17. Visible and UV transmission of right lens (center) of 
tinted wraparound astronaut goggles 
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Figure 18. Vsble and UV transmsson of rght lens (periphery)
of tinted wraparound astronaut goggles 
3. 5 Glare and -Ief]ection in the Helmet/Visor System 
Astronauts operating on the lunar surface have commented on troublesome 
facial reflections from the helmet and visor systems. The helmets and 
visois themselves act as concave mirrors at each interface. The protective 
gold coatings on the outer and inner visors increase the reflectivity of one 
surface of each of these components enormously. 
Figure 19 illustrates the boundary conditions for reflection in concave 
mirrors for an object 
(1) outside the radius of curvature of the mirror, 
(2) at the center of curvature, 
(3) between the center of curvature and the focal point of the mirror, 
(4) at the focal pont, and 
(5) within the mirror's focal length. 
It will be noticed that the real, inverted image moves away from the 
mirror as the object approaches the system's focal point. The image 
is at optical infinity when the object is at the mirror's focal point. 
Objects situated within the system's focal point are imaged in a magnified, 
virtual and errect fashion. Images of objects outside of the radius of 
curvature are mimfied, objects within the radius of curvature are 
magnified. 
This reduced geometrical cptical bcheme illustrates the way in which 
features of the astronaut's face are imaged. All such images may 
act as in-focus or out of focus veiling-glare images at the retina. 
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Figure 19. Boundary 'conditions of visor reflections 
This 	reduced geometrical optical scheme illustrates the way in which 
features of the astronaut's face are imaged. All such images may act 
as in-focus or out of focus veiling glare images at the retina. 
The general equation applying to reflection for a convex mirror in air is, 
L= L + F
 
or
 
L' = 	 L - 2R, where 
L -= 	vergence of light in the object space 
L' 	 vergence of light in the image space 
R = curvature of the mirror
 
F = powei in diopters
 
1 1 1
 
and L L' and R-

C, C' and r being the object distance, image distance and radius of 
curvature respectively (measured from the pole of the mirror in meters) 
3. 	 6 Determination of the Approximate Luminances of Facial Reflections on 
the Lunar Surface 
Let. 
12, 729 ft cd(29)solar 	illummance at lunar surface.E 1 
Ef solar illuminance at astronaut's face 
-
. 
3 )Th transmittance of helmet/visor system. 
35(31)
0.35Rf reflectance of face 
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Lf luminance of astronaut's face 
L. luminance of image of face 
1 
- 0. 36(32)R reflectance of helmet visor systemh
 
C conversion factor, meter candles to foot candles
 
W effective solid angle into which light is reflected from the
 
astronaut's face
 
approximate values 
-i 
= 1 Th Rf C WLf 
-
= 	[IZ, 729 ft cd] [0. 1] [0. 35] Fio. 766] L cd m - , assuming lambertian 
reflection 
-2 
mcd
= 1526 

Li = Lf x Rh (assuming a plane reflecting surface)
 
= 1526 x 0. 36
 
-z 
cd 	mi 
= 	550 
Computations show that this luminance level is similar to that of lunar 
terrain of average reflection factor 0. 1. 
Glare studies have been performed in which facial reflections were 
superimposed upon various vision targets. It has been shown that 
acuity may be totally unaffected or reduced to 20/200 or less, according 
to the part of the facial image superimposed upon the target. 
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4. ANALYSIS OF VISUAL PROBLEMS IN SPACEFLIGHT
 
This program is concerned with the identification and analysis of visual problems in 
spaceflight and the recommendation of procedures for their elimination. 
The following pages contain an analysis of likely sources of the lasling lights 
which have been perceived by the astronauts on moonflights. 
4. 	1 Intloductlon 
Apollo crew members have reported being aware of discrete flashes and 
streaks of light during periods of darkness in spaceflight. These unusual 
light perceptions were visible with the eyelids open or closed and 
occurred with a frequency no greater than 1-2 per minute in Apollo 
flights 11, 12 and 14, but more frequently in Apollo 13. 
The origin of these phenomena is not known, and therefore, their 
significance has not been ascertained. The physics, physiological optics 
and neurophysiology of the visual system suggest several possible 
explanations. Some explanations suggest bemgn sources which constitute 
no danger to the astronaut, while other possible causes are potentially 
injurious. It is desirable that the origin of these phenomena be identified. 
Table III summarizes reported sightings of entoptic light flashes on missions 
Apollo 11 through 14. 
4.2 	 Possible Sources of Entopic Lights in Space 
The likely sources of these phenomena may be conveniently divided into 
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TABLE III
 
Summary of repoits of entoptic light flashes on missions Apollo 11 through 
14. This composite is made up of the remarks recorded by Fazio, Jelley and (38)Charman, plus information made available by NASA, MSC, Houston, Texas. 
Flight Astronaut 
Apollo 11 Edwin Aldrin 
Neil Armstrong 
Apollo 12 Charles Conrad 
Apollo 13 General comments 
James Lovell 
Jack Swigert 
Fred Haise 
Observations 
All incoming light blocked by shades, 
spacecraft revolving, pinpoint-like 
flash that dissipated rapidly, single 
flash, white, frequently streak, occa­
sional double flash, random location, 
saw them at will, static electricity not 
the cause, never recalled seeing them 
with eyes closed. 
Saw approximately 100 flashes, rate 
about one per minute. 
Observed flashes with eyes closed, 
approximately 10 per cent of flashes 
were streaks and double points, streaks 
appeared horizontal, all streaks appeared 
in the upper field of view. 
Each crewman saw light flashes, but 
only while in the dark and with the eyes 
closed All observations were made i 
the command module, both in and under 
the couches. None of the flashes were 
obtrusive The crewman had to be 
relaxed before he noticed them. They 
observed many more dots than streaks, 
and the colour was always white. 
Frequency of flashes about once every 
two minutes. 
Counted only two flashes in one half hour. 
First evening counted 10 flashes in a 5-mn 
period, time intervals varied from 7 s 
to 1.5 nmn, all but one flash were dots 
that looked like "roman candles", in this 
set there was one streak that passed from 
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TABLE III (continued), 
Flight' Astronaut Obs ei vations 
Apollo 13 Fred Haise left to right, the second night 12 to 15 
(continued) (continued) flashes observed before falling asleep 
(time interval not defined) 
Apollo 14 Allan Shepard Flashes observed in darkened cabin 
E.R. Mitchell with eyes open or closed. 
Stuart A Roosa Flashes observed within one minute of 
illuminating the eyes with a flashlight. 
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two groups: 
A. 	 Those originating from stimuli having an origin outside the 
body. 
B. 	 Those of an internal nature 
4. 2. 	1 Stimuli having an origin outside the body 
A. The near-visible and visible electromagnetic radiations 
Visible light is composed of electromagnetic radiations 
within 	the wavelength band of approximately 400-700 nm. 
It consists of radiation which may penetrate the optical media 
of the 	eye and supply quantal bleaching energies to molecules 
of visual pigments, stored in the outer segments of the 
retinal receptors. The stimulus effectiveness of a radiation 
is dependent upon ocular transmission and visual pigment 
absorption characteristics. 
Infrared radiation (IR) is significant because its absorption 
may produce surface and chorioretinal burns. The visual 
pigments are almost completely transparent to the infrared 
wavelengths up to 1400 nm which are significantly transmitted 
by the ocular media. Therefore, visual effects are not 
expected except as a temporary secondary effect of 
thermal damage. 
Ultraviolet radiation (UV) may constitute 'visible light" 
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,when allowed to reach, and be absorbed by, the receptoral 
photopigments in the retina. However, the normal eye absorbs 
UV in the ocular media, preventing it from reaching the retina. 
Visible, IR and UV radiations are sig ificantly absorbed and 
diffused by the closed lids. Consequently, stimulation of the 
retina by these radiations would be significantly altered by 
closing rhe eye lids. 
-Visible light could conceivably be released by high-energy 
particles of ionizing radiation penetrating to the vitreous or 
retina. Cherenkov radiation consists of energy released 
when a particle enters a medium m which its velocity is 
greater than the velocity of light in that material. The 
coherent visible light is released in a cone about an axis 
which lies along the path of the particle. The half angle ( ) 
of the cone is given by- cos = Bi- where E1 is the 
speed of light in the medium and BD is the speed of the 
particle in the medium. There is no ocular optical 
focussing mechanism which would focus fluorescent intra­
ocular sources sharply on the retina, and it must therefore 
be assumed that the released light must impinge upon the­
receptors, providing the adequate srmiula for visual detection, 
B. Nerve stimujarion oy radiation bombardment 
Stimulation of the visual pathway at any level will give rise 
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to a visual perception presumably identical to the retinal 
light stimulus configuration which the neural response has 
by chance mimicked. We may assume that point-of-light 
sensations may be evoked by unit stimulation in the retina 
or in the -nsaa] pathway between the retina and the highest 
perceptual centers in the occipital lobes of the cerebral 
cortex. Receptor cells or receptor sites on cells, howeve4, 
form the most likely sites for such stimuli to be effective. 
It may also be possible for the visual perception of a streak 
of light to be the result of the sequential stimulation of a 
whole row of neural units. In this case one would expect no 
sense of movement, because of the high velocity of a 
stimulating particle. The direction of travel through the 
retinawould, presumably influence the form and orientation 
of the shapes perceived. There do exist, however, complex 
form and movement sensitive units at various levels in the 
visual pathway, which are visual-form-specific in the infor­
(34)
mation which they normally carry. Were one of these 
latter units to be stimulated, it must be assumed that the 
perception of some line, bar or border might reach the 
level of conscious awareness, The stimulation of complex 
neuial =nts night explain entoptic lights evoked by radiation 
or "physiological" stimuli with fewer quantal energy 
absorption events than are commonly considered to be 
required (5-14 simultaneous absorptions in different 
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receptors (35)). While the term stimulation is corlmonly 
employed to signify the application of sufficient energy to a 
neural unit to cause it to respond, it may also include 
temporary stinulation concomitant with an injury current in a 
nerve cell. Such a response, familiar to the single-cell 
electrophysiologist, frequently signals the impending 
functional and biological death of the unit. 
If repeated cosmic bombardments are causing a significant 
amount of cellular death, then the super-sensitive dark 
adapted visual system may prove a detecting tool superior 
to histopathological examination. 
Observation of frequency, duration and visual appearance 
may indicate the level of the visual pathway involved as the 
site, or sites, of primary stimulation. In this connection, 
it should be remembered that the cortex within its bony case 
is as vulnerable to penetrating particles as is the retina. 
Lipetz ( 3 6 ) has proposed that radiations outside the normal 
visual spectrum may cause the stereoisomerization of 
visual pigment molecules contained within receptor outer 
segments. Any such change, which produces an adequate 
neural rebpojfse, becomes a visual event regardless of the­
fact that the initiating radiation lies outside of the accepted 
visible spectrum. 
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Dawson and Wiederwohl ( 3 7 ) found no evidence for X-ray 
bleaching of receptor photopigment in investigations on the 
eye of the limulus crab, but they were able to show adaptive 
changes including a hypersensitivity to visible light 
stimulation. 
Th perception of visual phosphenes from X-ray stimulation of 
the retina appears to occur with little or no cell damage. 
The reverse, however, appears to be the case when nerve 
tissue 	is irradiated with the higher energy level particles 
associated with primary and secondary cosmic radiations. 
Lipetz ( 3 6 ) has concluded from his reviews of the literature 
that 0 particles from radium cause phosphenes by vitreous 
fluorescence, and y particles by action upon the photopigment 
molecules. 
Fazio, Jelly and Charman ( 3 8 ) have recently considered the 
reports of the observances of the crew members of 
Apollo 11, 12, and 13 missions. From the fact that most 
sightings were made under conditions of darkness, they 
concluded that the source lies in primary cosmic radiation. 
Two 	suggested stinulus situations were: 
(1) 	 Cherenkov radiation generated within the optical 
media of the eye, and 
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(2) the excitation of receptors or other retinal cells by 
ionizing radiation. 
Since the flight of Apollo 14, the observation of entoptic light 
flashes in partially light adapted eyes has rY,-opened the 
question of the phenomenon's origin. It might be expected 
that the quantities of light emitted by the Cherenkov effect 
and capable of causing low level response from a dark 
adapted eye would not be likely to be perceptible to the less 
light- sensitive light adapted eye. 
The absolute quantal threshold for 60% probability of 
detection is 5-14 (effectively summated) absorptions. (39) 
If we round off to 10, and compare this with the photopic 
eye' s maximun sensitivity during dark adaptation (which is 
the order of 2 to 3 log units less), we arrive at a figure of 
the order of 103 to 104 quanta for photopic threshold. However, 
the light adapted eye is functionally different, having smaller 
units for retinal spatial integration, as well as an increasing 
directional sensitivity. -The foregoing facts illustrate that 
significantly higher Cherenkov light yields would be required 
for light perception in the light adapted eye. Such yields _ 
would seem to be adequate for corieponinglv more intense 
and noticeable perception in the dark adapted eye. 
It is apparent, at this time, that further research is required 
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to answer the question whether Cherenkov radiation can 
satisfactorily explain the perception of light flashes soon 
after the eyes have been exposed to the desensitizing effects 
of light adaptation from a flashlight. The observations to date 
seem to indicate an external stimulus scarce, and 
consequently the term "entopic" is probably inappropriate. 
4. 2 2 Sources of a purely internal nature 
The dark adapted retinaproduces a perception, not of blackness, 
but of moving scintillating lights. This "eigenlicht" or "dark-light" 
of the eye is assumed to result from the relatively random firing 
of neural units of the visual system, and may represent receptoral 
activity due to photochemical thermal decomposition or spontaneous 
neural activity. Such mechanical factors as arterial pulsation or 
tissue traction from muscular tissues may contribute to stimulation 
or to the synchronization of these noise perceptions These factors 
may dlffer m their significance between the normal and the 
weightless states. 
The recent observation of flashes after light adapting the eye with 
the light from a flashlight would seem to eliminate sources of an 
internal nature from consideration., A full photometric and physio­
logical analysis will, however, be required before the validity 
of this test may be confirmed. 
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It would be advantageous to know something about the 
appearance of the dark-light of the visual system in the physiological 
state of weightlessness. The dark inage of the visual system, if 
not responsible for the perceptual phenomena reported in space, is 
in fact the background against which it is viewed in the dark 
adapted eye.
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5. 	 DIRECT SUPPORT TO THE NEUROPHYSIOLOGY LABORATORY,
 
NASA, MSC, HOUSTON
 
5. 	 1 Introduction 
During the past year the Houston group of Technology Incorporated's Life 
Sciences Division, Vision/Neurophysiology Section, has been involved in work 
on a large numbei of pioblems in the areas of vision, audition, and 
neurophysiology. The wide variety of subjects to be covered in tins section 
suggests that each area be covered as a separate entity rather than treatihg 
the effort as a unified whole. 
5. 2 	 Motorized Howard-Dolman Device-
The construction of the motorized Howard-Dolman device, begun under 
Contract NAS 9-6865, has been completed during this year. A complete 
description of this system appears in the manual associated with the 
device. Briefly, the instrument consists of a stimulus box with a 
stationary rod, a motor driven stage supporting a movable rod, two 
fluorescent lights and brackets, and control electronics and a power supply. 
In addition to the stimulus box there is a subject's control box with a 
one dimensional joystick control, aAd an experimenter's boxwith a digital 
voltmeter and check-out switches. 
The subject's task is the same as that with the conventional string-operated 
model. The two pegs must be aligned so that they appear to be equidistant 
from the subject. With the motorized system, peg speed and direction 
are determined by the displacement and direction of the joystick controller. 
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Longitudinal separationbetveen the pegs is read in millimeters on the 
digital display. 
At present, 21 clinical subjects have been tested on the device. Their tests 
have been conducted in the course of standard visual examinations performed 
by the Contract Monitor. Summary results, presented lTable IV, showno 
uniform instrumental bias, and the overall st-nndard deviation is similar 
to those values reported in the literature. (40) 
In the course of the design of the instrument we undertook the task of defining 
meaningful statistics to be used in the analysis of the raw scores. The 
subject responds to the stereopsis angle perceived between the pegs, not 
to the absolute longitudinal distance between them. The equation relating 
peg displacement and stereopsis angle is 
aL= (Tan-I P (Tan P
 
D-X D
 
where 
a is the stereopsis angle 
P is the inter-pupillary distance 
D is the distance from the eyes to the fixed peg 
X is the longitudinal distance between the fixed and 
movable pegs. The sign convention normally used 
assigns + to the condition of movable peg closer to 
the subject than the fixed peg. 
Since the equation is non-linear, it is ovident that if a is normally distributed, 
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TABLE IV 
Mean and standard deviation for all settings 
by 21 subjects (10 settings each). 
MEAN 
STANDARD 
DEVIATION 
N 
SECONDS OF ARC 
-. 496 
6.690 
Z10. 
MILLIMETERS 
-1. 337 
18. 447 
210. 
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X will not be normally distributed.. .In-ozder to use standard statistical 
tests m this situation, it is necessary to convert the subject's setting errors 
(in millimeters) into stereopsis angle (in arc seconds). A program was 
written for a Wang 7003 Calculator to perform the conversion and to 
generate the summary statistics in both arc seconds and millimeters. A 
sample printout is shown in Figure 20. The program uses a converging 
series technique which ensures an error in the angle calculation of less 
- 10 
than 3.6 x 10 arc seconds. This approach avoids the finite errors 
introduced in the approximation technique usually used in the conversion of 
distances to stereopsis angles on the Howard-Dolman device. 
T-he Motorized Howard-Dolman device and its associated data reduction 
program should provide a very stable measurement system for determining 
minimum stereopsis angles. The device is simple and sufficiently rugged 
for both clinical and laboratory use. 
5. 	 3 Haze Measurements 
In addition to the helmet and visor haze measurements mentioned elsewhere 
in this report, five sets of haze measurements have been made on coated 
and uncoated samples of Lexan provided by the Crew Systems Division, 
NASA, MSC The measurements were made in support of an effort by 
that division to determine the compatibility of a new anti-fog compound with 
helmet materials for Apollo 15. Each sample (6 to 8 in each set) was 
measured at three different places with a Gardner 2ivotable sphere 
hazemeter. Measured haze andtransmittance were reported for each 
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Figure 20. Sample data of automated Howard-Dolman apparatus 
SETTING SUBJECT NO.A 13 
mm see mm sec P.D. 65mm 
1 -69.1 -24.64 2 68.3 24.91 
3 78.1 28.53 4 -9.9 -3.56 
5 -50.2 -17.96 6 79.8 29.16 
7 42.3 15.36 8 3.4 1.22 
9 -29.7 -10.66 10 78.9 28.83 
MM arc sec. 
MEAN SIGMA MEAN SIGMA
 
19.19 57.494 7.121 20.829
 
Converted to
 
arc seconds:
 
6.944 20.938
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testing position on each sample. 
5.4 	 Apollo Transcript Production 
All references to vision and visual perception have been extracted from the 
Apollo Air-Ground Communication Transcripts for Apollo Flights 13 and 14. 
These excerpts have been typed and delivered to the Contract Monitor. 
Renvew of the excerpts from Flights 12 through 14 indicates that no 
unanticipated effect has been encountered, with the exception of the 
perception of light flashes on the lunar missions. The vast majority of the 
comments refer to obs ervation of surface details of the Earth and Moon, 
S 
and, during lunar surface operation, to descriptions of gross and fine 
surface details. The excerpts provide a primary source for anecdotal 
data on man's visual experience in space. 
5. 5 	 Light Flash 
Light flashes reported by the crews of Apollos 11, 12, 13,_ and 14 have 
raised considerable comment and interest in the past year. Consequently, 
a portion of our effort has been directed toward assisting some of the NASA 
scientists involved in the interpretation of these reports, and in the 
development of a Detailed Test Objective for Apollo l5. We have 
reconnended that spectacle frames developed by Omnitech, Inc. be 
modified to serve as the face mounting support for the "Apollo Light Flash 
Moing Emulsion Device" to be flown on Apollo 15 and on subsequent 
missions. The recommendation was accepted, and assistance was 
provided in placing the spectacles into the MSC quality control system. 
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In additiot, we have begun the task of evaluating the reliability of flight 
crew reports of which eye received the light flash. Earlier work, by a 
number of investigators, suggests that it should be difficult to identify 
correctly the stimulated eye. In order to verify this hypothesis a number 
of laboratory tests have been conducted involving the use of small light 
emitting diodes as the flash simulators. Generally, binocular fixation of a 
simple field or an array of the diodes has been arranged and the diodes on 
one side of the field pulsed for 2 0 0 pI seconds or less. Due to the geometry 
of the viewing situations, the light from a given diode can reach only one 
eye. Results of subject reports so far have been inconclusive. Research 
is currently under way in an attempt to resolve the confusion and, by doing 
so, to 	answer the question. 
5.6 	 Photometric Calculation 
The Space Environment Simulation group of the Environmental Medicine 
Division is interested in determining the fatigue effects from the high 
lunar 	illuminance and contrast, and the nature of any changes in performance 
due to 	this fatigue. At their request, we have calculated illumination levels 
for a 	visor-up simulation which would correspond to the visor-down con­
figuration on the lunar surface. Our recommendation was that the 
-2illumination be IZ72 irn ft- After examination of available light 
and power sources, it was determined that it was inpractical to illuminate 
a significant portion of tJ-e chamber at those levels. In spite of this 
recommendation, work is proceeding to provide some high-level illumination 
in the 	simulation chamber for the fatigue tests. We have been r-equested to 
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support the work with photometric measurements mn the chamber following 
completion of the installation. 
5. 	 7 Auditory Research 
One area of concern to the Neurophysiology Laboratory is the early 
detection of symptoms leading to loss of consciousness during +G 
acceleration. For a number of years, loss of pe-ipheral visionhas been 
taken as such an indicator. It is well known that the sense of hearing is 
more resistant to the effects of anoxaa than is vision. For example, under 
sustained linear +G acceleration, auditory sensitivity is maintained atz 
acceleration levels sufficient to cause visual blackout. (41, 42) It is no 
doubt paitly for this reason that audition has been studied far less 
extensively than vision under conditions of anoxic stress. Thus, it is not 
known whether higher level auditory perception (as opposed to simple 
sensitivity) is affected in humans by a temporary reduced blood supply 
to the brain. Some recent work at Albany Medical College, however, points 
to the possibility of the eventual development of an auditory perceptual 
(43, 44,5)task of considerable sensitivity for the detection of anoxia. 
A 1000 Hz sine-wave signal with abrupt onset and decay
 
must be presented for a minimum of approximately 10 msec
 
to evoke a tonal sensation in a normal subject. A signal of 
shorter duration is heard as a click, It has been discovered, however, 
that persons with a vertebral-basilar artery insufficiency have tone 
thresholds dramatically higher than those of normal subjects, and signal 
duration must often be extended to 200 msec or more before acquiring a 
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tonal quality. The vertebral-basilar system primarily supplies the brain 
stem, including auditory nerve centers. It is significant that this elevated 
threshold is not accompanied by a decrease in sensitivity, and that 
the phenomenon is at least partially reversible, since corrective surgery 
reduces temporal thresholds by more than 50%. 
The characteristics of this phenomenon suggest that it may be of considerable 
value in the monitoring of subjects for early signs of cerebral decrement 
due to anoxia. For example, a simple auditory perception test could become 
a popular alternative to the vision tests routinely used in acceleration 
studies.
 
Investigations of a preliminary nature were undertaken to develop the 
optimal psychophysical techniques for the monitoring of tone thresholds, 
and to determine whether a threshold shift would reliably accompany a 
mild anoxic state. 
A pure-tone generator was used in conjunction with logic circuitry in order 
to present a monaural, repetitive 1200 Hz signal at durations continuously 
variable from 5 to 35 msec. Wile several experinental procedures were 
tried, it appears that the method of adjustment is the most efficient means 
of determining a tone threshold. With a signal presented every 1. 5 sec, 
the subject adjusted its duration to the minimum at which it retained a 
predominantly tonal quality. After a few practice sessions, subjects were 
able to make judgments rapidly and with low variability (standard deviations 
were I msec or less). 
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Attempts to demonstrate threshold shifts under conditions of mild anoxia 
produced suggestive, but inconclusive, results. No reliable shift occurred 
after breathing a mixture of 15% 0 2 and 85% N 2 for 5 minutes prior to 
testing. This result may have been due to difficulties encountered with 
the breathing apparatus employed. While bieathing a 12% 02, 88% N2 
mixture, however, two subjects showed a significant threshold elevation, 
although the third did not. The subject showing the greatest shift also 
reported a dimming of the visual field, while the other two subjects reported 
no visual changes. No blood samples were drawn so that the actual decrease 
in blood oxygen level during these experiments is unknown. 
It is clearly necessary to obtain more extensive and closely controlled 
data before the value of this test as a monitoring technique can be ascertained. 
It is felt that the preliminary data obtained to date do show sufficient 
promise to warrant a further effort, possibly by using lower body negative 
pressure to produce cerebral ischena or by further reducing the 02 
level in the inspired air. Further tests of the tonal perception time may 
be attempted in the MSG man-rated centrifuge. 
5.8 	 Neurophysiology 
Our efforts in neurophysiology have been directed primarily toward 
identifying, specifying, and preparing to order the equipment required to 
establish well-equipped sleep and auditory laboratories at the NASA, 
MSC, Houston, Recommendations for equipment and techniques of data 
collection and reduction have been made and assistance has been supplied 
in the 	design of equipment interfaces for the final laboratory system. 
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